SUMMARY The aim of this study was to determine the variability of measurements of ankle and brachial systolic pressures and ankle brachial ratios in order to assess their suitability for use in epidemiological studies of arterial disease in the lower limbs. Thirty-six subjects had repeat measurements taken by four observers on two separate days using a Doppler probe and random zero sphygmomanometer. The variability in the measurement of ankle systolic pressure was comparable to that for brachial systolic pressure. The 95% confidence limits of one measurement of the ankle brachial ratio was estimated to be ± 16%, reducing to + 10% for the mean of four measurements taken by two observers on two days. Analysis of variance indicated that the variability in the measurement of ankle brachial ratios attributable to observers, days, timing of measurements on the same day, and repeat measurements was considerably less than the "biological" variability between subjects and between legs. These results suggest that repeatability of the ankle brachial ratio is such that a single measurement is suitable for most epidemiological studies of atherosclerotic peripheral arterial disease.
In the United Kingdom, atherosclerotic disease of the lower limbs is widespread throughout the adult population and causes considerable morbidity and mortality. By late middle age almost every adult has atherosclerotic lesions affecting their peripheral arteries, and in around 15% of men and 5% of women more than half the diameter of the lumen of a a major artery may be occluded. ' The prevalence of intermittent claudication in men aged 45 10%.4 Epidemiological research into peripheral arterial disease has concentrated almost entirely on symptomatic subjects with intermittent claudication.
Yet studies in the United States of America, 5 Switzerland, 6 Belgium, 7 and Denmark8 suggest that severe asymptomatic disease is common and that at least 10% ofthe population by the age of60 years has a major disruption to peripheral blood flow. Further research on asymptomatic subjects will require the use of non-invasive measurement techniques, which are of adequate validity and reliability.
In clinical practice, the ratio of ankle to brachial systolic pressure is used widely to assess peripheral arterial disease. The results of studies based on small numbers of subjects have suggested that a cut-off point for the ankle to brachial systolic pressure ratio of 0 9 is almost 95% sensitive in detecting angiogram positive disease and approaching 100% specific in excluding healthy subjects.9-4 Also, ratios would appear to correlate with the severity of disease.' 1 3 15 But the variability in the measurement of ankle brachial pressure ratios has not been fully assessed. The aim of this study was to determine the extent and sources of such variability when measurements were taken by different observers on different occasions. 128 
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Variability of ankle and brachial systolic pressures in the measurement of arterial disease
The potential for using this measurement in epidemiological studies could then be assessed.
Method
The study was conducted on 36 subjects aged 40-74 years in the Peripheral Vascular Clinic, Royal Infirmary of Edinburgh. Twenty four subjects with symptomatic peripheral arterial disease were selected from successive patients attending the peripheral vascular clinic; patients were excluded if they had severe disease manifest by previous amputation, gangrene, or pain at rest. Twelve subjects were "healthy" volunteers in that they did not give a history of intermittent claudication and their peripheral pulses were present; one ofthese 12 subjects was found subsequently to have disease and was excluded from the analysis. Subjects were invited to attend the peripheral vascular clinic on two afternoons approximately two weeks apart.
Four physiological measurement technicians were recruited specially to conduct the observations on the subjects. These four observers underwent intensive training in the peripheral vascular clinic until it was considered on subjective grounds that they were suitably skilled at taking the measurements.
The examination ofeach subject took place in one of two identical rooms in the clinic. The temperature of the rooms was continually checked and kept at between 20 and 23°C. On arrival at the clinic the subject waited for at least 10 minutes in the waiting room, then entered the examination room, removed appropriate clothing, and rested on the examination couch for 10 minutes.
The right brachial systolic pressure was measured twice by an observer followed by the right ankle pressure (twice) and left ankle pressure (twice). Pressures in the arm and leg were measured using a random zero sphygmomanometer'6 and blood flow was detected during deflation of the cuff by means of an auditory signal from a Doppler probe placed over the brachial and posterior tibial arteries. This technique for measuring blood pressure has been shown to relate closely to direct intra-arterial recordings. 17 18 The subject then returned to the waiting room for approximately 40 minutes and had some light refreshment. On re-entering the examination room he/she had 10 minutes' rest followed by repetition of the tests by another observer. Two weeks later the subject had exactly the same routine except that the two observers were different from those present at the first visit. The diagram below summarises the pattern ofmeasurements conducted on each subject during the study: A sequence was drawn up so that each observer took measurements on both first and second visits and on first and second sets of measurements within visits. The design ensured comparability between observers with respect to any possible period and "carry over"effects. The subjects were allocated into the sequence based on their ability to attend appointment times at the clinic. The data from each set of measurements were recorded on a standard form by each observer who was blind to measurements by previous observers.
The principal aim of the data analysis was to examine the different components of variance in the measurements. But, since there were four observers and only two observation periods a day, the design of the study was not wholly balanced and therefore the components of variance could not be estimated using standard analysis of variance techniques. A programme designed for the analysis of such data was used (REML). '9 This was devised by Patterson and Thompson20 and provides estimates and standard errors of the various components. The components were estimated separately for the normal and diseased subjects.
The different sources of variation examined were those due to subjects (sub), bias ofobservers (obs), and systematic variations between the two days (day), between sets of measurements on the same day (time), between sets ofmeasurements on the two days (day x time), and between the two legs (leg). The following non-systematic variations were estimated: interaction between the subjects and observers (sub x obs) and subjects and days (sub x day), differences between a subject's left and right leg measurements (sub x leg), in the way observers measure different legs (sub x leg x obs), and in day-to-day differences between legs (sub x leg x day). The residual variation was due to differences in repeat readings by the same observer. Observer variation in its usual sense is represented by the sum of the (sub x leg x obs) and (sub x obs) components.
F G R Fowkes, E Housley, C C A Macintyre, R J Prescott, and C V Ruckley The method of calculating ankle brachial ratios ensured that both the ankle and brachial pressures for a single ratio were based on the same measurements, either first or second, within each set ofmeasurements.
Results
In the initial analysis, mean values were calculated for all observations according to observer, day, and time (first or second set ofmeasurements). Among diseased and healthy subjects, mean ankle and brachial systolic pressures, but not ankle brachial ratios, were higher on the first day than on the second, and for the second set of measurements than for the first (table 1) . Larger pressure differences occurred between observers, particularly for brachial pressure among diseased subjects (I OmmHg difference between first and second observers). But differences in mean ankle brachial ratios between observers were small; the maximum difference was 0.036.
Readings repeated immediately by the same observer were similar. The figure, for example, shows the close correlation between first and second readings for the measurement of right ankle pressure.
Expected differences occurred between diseased and normal subjects, namely, higher brachial pressures, lower ankle pressures, and lower ankle brachial ratios among diseased subjects ( F G R Fowkes, E Housley, C C A Macintyre, R J Prescott, and C V Ruckley systolic pressure (table 3) , implying an overall comparability with the reproducibility of brachial systolic pressures measured in epidemiological studies.
The main sources of variation in brachial systolic pressure, apart from that occurring between subjects, consisted of random variations between observers, different days, and repeat readings (table 2). The particularly high observer variation among the diseased subjects compared to the normals is difficult to explain. The diseased subjects did not have unusually high systolic pressures, which may be miore labile,26 nor should the detection of systolic pulsation in their brachial arteries have been more difficult than in the normals. A possible explanation is that the non-systematic process of recruiting normal volunteers tended to select more stable subjects than the diseased persons recruited in the clinic. Moreover, the healthy subjects were slightly younger, and lability may increase with age. 26 The sources of variation in ankle systolic pressures and ankle brachial ratios have not been studied previously in detail. The main finding of this study was that the variability attributable to observers, days, and repeat measurements was considerably less than the "biological" variability between subjects and between legs. Variation among the normals in ankle brachial pressure ratios was due mainly to random observer variation, particularly interaction between subjects and observers, and repeat measurements, with day to day variation contributing little to the overall variability. Among the diseased subjects, there was, as expected, a large subject by leg variation due to different severities of disease in each leg. The relatively large (sub x leg x day) variation in ankle systolic pressures suggests considerable differences between right and left leg measurements from day to day within subjects. The (sub x leg x obs) variation suggests that some observers had more difficulty measuring one leg than the other in some subjects. Presumably this would occur among those in whom arterial flow was difficult to detect and would be compatible with the higher variation noted in diseased than in normal subjects. Is 
